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Objective

Theory Continued

Experimental Procedure

In this experiment, we analyzed the images and spectra of multiple galaxies and found
the velocity and distance from Earth of each galaxy. Plotting the velocity against distance,
we found a value for the Hubble constant using the slope of the trendline. This value was
used to compute the age of the universe. Both the Hubble constant and the age of the
universe were compared to the currently accepted values for consistency.

● According to Eqn. (2) where the velocity over distance gives Hubble’s constant, the slope m
is equal to Hubble’s constant.
● The uncertainty in the value for Hubble’s constant was found using the LINEST function to
get the standard error in the slope of the linear function.
● The Hubble constant gives the rate at which the universe expands so its reciprocal gives a
value for how long it has been expanding, or the maximum age of the universe.
(7)
● The standard error in the maximum age of the universe is given by calculating the product
of the standard error of the Hubble constant and the partial derivative of the maximum
age with respect to the Hubble constant.

Figure 2: Sample Images of Experimental Galaxy Imaging and Spectral Analysis [NGC
4
1357]

Background
1

● In the 1920’s, Edwin Hubble surmised that the universe was expanding uniformly.
● This was discovered by his observation of the recessional velocity of galaxies relative to
their distance, expressed as

(8)
(1)

where v is the recessional velocity, H0 is the Hubble constant, and d is the distance.
● The Hubble constant is one of the most signiﬁcant numbers in astronomy because it sets
the rate of expansion and its reciprocal gives the age of the universe.
● Though highly disputed, the currently accepted value for Hubble’s constant is 70 km/s/Mpc
2
and the accepted age of the universe is 13.77 billion years.

Theory
● Rearranging Eqn. 1 gives an expression for the Hubble constant,
(2)
● The recessional velocity of a galaxy is expressed, via the Doppler formula, as
(3)
6

where z is the redshift and c is the speed of light, 3 ✕ 10 km/s
● Galaxies experience a perceived shift in their wavelength due to the motion of the
expansion of space. Redshift gives a percentage of the shift, expressed as
(4)
● For this experiment, we measured the redshift for three spectral lines and calculated the
average redshift for each galaxy.
● Using Figure 1: Trigonometric Model of Distance to a Galaxy

● and small angle approximation, the distance to a galaxy is
(5)

Experimental Data
Table 1: Experimental Values for Angular Size, Distance, Redshift, and Velocity

Results and Conclusion
● Our value for Hubble’s constant was H0= 84±7 km/s/Mpc.
● Our value for the maximum age of the universe was maximum age= 12±1
billion years.
● Our Hubble constant and age of the universe are consistent with the accepted
value as the accepted values just within two standard errors of our values. As our
Hubble constant was larger than the accepted value, our age of the universe was
smaller than the accepted age.
● Compared to the age of the Sun (5 billion years), our age is plausible but
compared to some of the oldest stars in the Milky Way (12.5 billion years), our
age is inconsistent. According to our calculations, stars in the Milky Way are older
than the universe which is impossible and suggests that our value for the Hubble
constant is incorrect. A possible source of error may have been in our standard
candle assumption we utilized to ﬁnd distance. We assumed every galaxy to be
the same size but they are not the same size so this assumption added error to
our values.
● Another issue with the standard candle is dark energy. Dark energy is a
theoretical energy that keeps gravity from slowing the acceleration of the
universe and accelerates the expansion of the universe. Some standard candles
may be in the decelerating part of the universe while others are in the
accelerating part of the universe, meaning that there is no “standard” because
these candles result in diﬀering Hubble constants that are both correct. This
ultimately brings into question whether the accepted age of the universe is
correct because according to dark energy the rate at which the universe expands
is not a constant value. If the universe is expanding at an accelerated rate, its age
56
cannot be predicted solely via the Hubble constant.

where a is the angular distance and s is the galaxy’s size.
● All the galaxies in this experiment were spiral galaxies so we used a standard candle
3
assumption ; s=22 kpc for every galaxy.
(6)
● To obtain the Hubble constant, the recessional velocities of galaxies are plotted in relation
to their distances on a scatter plot. A trendline is taken with a starting point at the origin,
representing a starting point in the Milky Way galaxy with no velocity.
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